INTRODUCTION
Since healthy behavior habits are formed during childhood, the acquisition of motor competence in a child's first 10 years of life is critical 1 . In addition, the development of wide-ranging fundamental motor skills (FMS) provides a strong foundation that influences a person's motor experiences throughout their lifespan 2 . However, the development of high levels of motor competence is the result of a long journey that involves, among other aspects, high amounts of intentional practice 3 .
Newell's constraints model suggests that motor skill acquisition occurs based on the interaction of organismic, environmental, and task constraints 4 , indicating that motor skill development often requires specific environmental conditions which provide adequate and structured practice and instruction. Children's daily activities can often provide the necessary environmental conditions to naturally develop select motor skills; however, FMS competence does not emerge naturally 5 . Instead, FMS competence requires structured practice and specific instructions 3, 6 .
Motor competence plays a major role in motor activity participation. Children and adolescents who are more motor competent are more engaged in physical activities due to their increased satisfaction and pleasure derived from these experiences 7, 8 . Moreover, if a certain level of FMS competence is not achieved in early childhood, the development of future motor skills will be hampered in children 5, 9 . Fundamental motor skills are considered the basis for more complex and specific activities that allow participation in a variety of structured popular games and sports 3 . Decreased motor activity participation leads to fewer physical activity opportunities 1 , which in turn negatively affects the development of physical fitness 10 , promotes increased sedentary behaviors 11 , and results in unhealthy weight gain 12. Based on different regional samples, several previous studies have indirectly confirmed that Brazilian children show low levels of FMS competence 6, 13, 14 . Each of these studies was based on relatively small samples of children.
To overcome this shortcoming, 15 used a larger sample of Brazilian children (ages 3-10) from the city of Porto Alegre to examine FMS competence relative to expected levels. Based on the Test of Gross Motor Development 16 , the majority of boys (69%) and girls (82%) in the sample scored below the expected competence norms, and only a small percentage of boys (23%) and girls (15%) demonstrated average performance 15 . These authors speculated that the low motor competence observed in this sample may be attributable to the lack of formal physical education training for participating teachers or the lack of a physical education structure for elementary school children (physical education often comprises free-play activities rather than structured motor skill instruction) 15 .
The consistency with which these previous studies reported a lag in FMS competence for Brazilian children is concerning and suggests a need for further direct and comprehensive study. The purpose of this study was to directly assess FMS competence levels for children (ages 6, 8, and 10) from the city of São Paulo, Brazil-an urban area encompassing a wide range of socioeconomic and cultural environments. By pursuing this goal, we aimed to better understand the motor competence of Brazilian children and suggest potential factors affecting FMS competence levels.
METHODS

Participants
The sample for this study comprised 383 children (187 boys and 196 girls) enrolled in seven public elementary schools in the city of São Paulo, Brazil. We chose participants who were 6, 8, and 10 years old to reflect the age at which children start, are midway through, and finish elementary school, respectively. The sample size was based on the approximate public elementary school population in each of the São Paulo regions. Table 1 details the sample distribution of the Brazilian children who participated in the study.
Each school provided authorization to recruit participants. Children were randomly selected according to gender, age, and enrollment year (first-fifth grade). Participating children and their parents provided consent prior to data collection and the Institutional Ethics Committee approved the study procedures.
Procedures
Data were collected in the physical education facility (gymnasium or sport court) of each school. First, descriptive information including the birth date, hand and foot preference, body mass, and height of each child was obtained. To reliably assess motor competence, each child was videotaped performing the six locomotor skills (run, gallop, hop, leap, horizontal jump, and slide) and six object-control skills (striking a stationary ball, stationary dribble, kick, catch, overarm throw, and underarm roll) included in the normreferenced Test of Gross Motor Development-Second Edition (TGMD-2) 16 . The video camera arrangement and procedures used in this study were based on previous studies 6, 14. The TGMD-2 was administered by a team of trained researchers who followed the standard testing procedures 16 . Each child completed the test in approximately 15 min, performing at least three trials for each gross motor skill-one practice trial and two valid trials for further analysis.
Data Analysis
After data collection, two trained evaluators independently analyzed each child's valid trials for each motor skill performed to determine a corresponding score based on the TGMD-2 performance criteria 16 . If a child's performance successfully met the TGMD-2 performance criterion, the scores of both trials were summed to obtain a raw score for each skill. If the two evaluators did not agree whether a child's performance successfully met the TGMD-2 performance criterion, a third evaluator made the decision. A concordance agreement among the evaluators specified the minimum acceptance as no less than 0.85.
The six locomotor and six object-control skill scores were summed to provide an overall score, which was then converted to the motor age equivalent, percentile score, and standardized score for age and sex 16 . The motor age equivalent indicates the approximate age corresponding to the child's performance. The percentiles represent the percentage of children according to their age peers. The sum of the standardized score for each subtest can be used to determine the gross motor quotient. This latter parameter is suggested to be the most consistent TGMD-2 score as it reflects the combined performance in both subtests and thus represents the best estimate of a child's gross motor proficiency 16 . The gross motor quotient also supports the descriptive classification of child motor development as very poor, poor, below average, average, above average, superior, and very superior.
Statistical Analysis
After testing the assumptions for data normality (Shapiro-Wilk test) and homogeneity of variance (Levene test), statistical analyses were performed using multivariate analysis of variance (MANOVA) and paired t-test methods. Specifically, a twoway MANOVA with age (6, 8, and 10) and gender (male and female) factors was used to compare the anthropometric measures of body mass, height, and body mass index (BMI) among the children. Two additional two-way MANOVAs with age and gender factors were used to compare the raw scores and equivalent motor ages for the locomotor and object- Raw TGMD-2 scores, equivalent motor ages, and percentiles by age group and gender Table 3 details the results of the TGMD-2 including the raw scores from the valid trials, equivalent motor ages, and percentiles for both the locomotor and object-control subtests, organized by age group and gender. Note that all participating children were able to perform the tasks of both subtests.
RESULTS
Anthropometric characteristics by age group
Considering first the results related to the raw scores and equivalent motor ages, the two-way MANOVA confirmed an age group effect for raw score and equivalent motor age in the locomotor subtest, Wilks' Lambda=0.955, F(4,704)=4.137, p<0.005. Univariate analyses confirmed differences among age groups for raw score, F(2,353)=6.61, p<0.005, and equivalent motor age, F(2,353)=7.54, p<0.005. For both of these variables, post hoc tests confirmed that 10-year-old children had higher raw scores and equivalent motor ages than 8-and 6-year-old children.
Regarding the object-control subtest, the two-way MANOVA revealed both an age group effect, Wilks' Lambda=0.828, F(4,704)=17.39, p<0.001, and a gender effect, Wilks' Lambda=0.367, F(2,352)=303.18, p<0.001. Univariate analyses confirmed differences among age groups for raw score, F(2,353)=35.61, p<0.001, and equivalent motor age, F(2,353)=31.51, p<0.001. For both of these variables, post hoc tests confirmed that 10year-old children had higher raw scores and equivalent motor ages than 8-and 6-year-old children, and 8-year-old children had higher raw scores and equivalent motor ages than 6year-old children. Univariate analyses confirmed differences by gender only for raw score, F(1,353)=38.54, p<0.001; boys had higher raw scores than girls. Independent of age group or sex, paired t-tests showed that the equivalent motor age was lower than the respective chronological age group in both the locomotor and object-control subtests (p<0.001).
Considering the difference between chronological age and equivalent motor age, a two-way MANOVA revealed both age group effects, Wilks' Lambda=0.167, F(4,752)=272.11, p<0.001, and sex effects, Wilks' Lambda=0.979, F(2,376)=4.02, p<0.05. Univariate analyses confirmed differences between age groups in both the locomotor subtest, F(2,377)=906.30, p<0.001, and the object-control subtest, F(2,377)=169.74, p<0.001. For both subtests, post hoc tests showed that 10-year-old children had a higher chronological-equivalent motor age difference than 8-and 6-year-old children, and 8-yearold children had a higher chronological-equivalent motor age difference than 6-year-old children. Univariate analyses confirmed differences by sex only for the object-control subtest, F(1,377)=6.98, p<0.05; boys had a higher chronological-equivalent motor age difference than girls.
Finally, considering the percentiles, the two-way MANOVA revealed an age group effect, Wilks' Lambda=0.755, F(4,704)=26.58, p<0.001. Univariate analyses confirmed differences between age groups for both the locomotor subtest, F(2,353)=53.93, p<0.001, and the object-control subtest, F(2,353)=9.32, p<0.001. For both subtests, post hoc tests showed that 6-year-old children had higher percentile values than 8-and 10-year-old children. The percentile frequencies consistently showed higher concentrations of São Paulo children in the lower percentiles across all age groups. The highest frequencies of 6year-old children were concentrated below the 20 th percentile in the locomotor subtest and below the 40 th percentile in the object-control subtest. Comparatively, the highest frequencies of 8-and 10-year-old children were concentrated below the 5 th percentile in the locomotor subtest and below the 20 th percentile for the object-control subtest.
Percentile frequencies and comparative São Paulo/normative TGMD-2 (USA) raw scores by age group and sex
The comparative São Paulo/normative (USA) raw scores clearly indicate substandard motor competence for the children from São Paulo, relative to the normative data. Independent of age group or sex, the Brazilian children presented consistently lower raw scores in both the locomotor and object-control subtests. Figure 1 alternatively depicts the frequency of children whose motor competence was categorized as very poor, poor, below average, and average by age group based on the gross motor quotient. Most of the 6-year-old children showed motor competence classified as poor and below average. Comparatively, most of the 8-and 10-year-old children showed motor competence classified as very poor and poor. 
DISCUSSION
The purpose of this study was to directly assess FMS competence levels for children (ages 6, 8, and 10) from the city of São Paulo, Brazil. By pursuing this goal, we aimed to better understand the motor competence of Brazilian children and suggest potential factors affecting FMS competence levels. Consistent with international norms, our results showed that older children had higher FMS competence levels than younger children. However, raw scores from the TGMD-2 indicated that the children from São Paulo lagged behind age group peers in expected FMS competence levels, irrespective of sex. More importantly, our results showed that the deficit in FMS competence increases with chronological age. In general, children from São Paulo fell below the 15 th percentile of the normative TGMD-2 data, and their motor competence was classified as poor by the age of 6 and very poor by the ages of 8 and 10.
Our first finding that older children had higher FMS competence levels than younger children is consistent with findings from several previous studies 13-15, 17, 18 . Therefore, we can conclude that children from São Paulo, Brazil follow the same general developmental track as children in other domestic and international locales. Specifically, our results showed that 10-year-old children were more competent than 8-and 6-year-old children when performing both locomotor and object-control skills and that 8-year-old children were more competent than 6-year-old children when performing object-control skills. More importantly, however, our results clearly showed that the motor equivalent age for the children from São Paulo was lower than their chronological age for all three age groups. These results are consistent with findings from previous Brazil-based studies 6, 13, 14 and confirm that children from São Paulo, as well as elsewhere in Brazil, do not reach the expected levels of FMS competence. The TGMD-2 normative data, which provided the basis for this finding, originated from a sample of North American children, raising questions regarding its applicability to Brazilian children. The applicability of the TGMD-2 for Brazilian children has, however, been previously validated 19 , minimizing any possible cultural issues that may affect the broader TGMD-2 results. Therefore, we can conclude that children from São Paulo have not adequately achieved FMS competence irrespective of sex, even by the age of 10.
Several previous studies have purported that physical activity programs and physical education interventions at school may improve FMS competence in children 6, 17, 20 . Providing some basis for this assertion, previous studies conducted in Brazil found that Brazilian children of different ages met expected FMS competence levels when adequately provided with quality motor experiences 6, 17, 20 . Similar and more marked improvements in FMS competence have been observed in other countries 16, 21, 22 . Based on these collective findings, we can conclude that access to quality motor experiences, activities, and programs is essential to positively affect and shape FMS competence in children. The lower FMS competence levels observed in children from São Paulo may be attributable to a lack of access to an environment that adequately promotes FMS improvement.
In conjunction with other motor experiences and activities, physical education programs in schools should provide further opportunities for FMS improvement in young children. However, existing physical education programs, which are typically administered twice a week for 45 min on each day, often comprise only free play rather than any formal motor skill instruction. This lack of opportunity for structured practice of FMS and the corresponding information necessary to promote developmental changes towards competence in FMS 3 was reflected in the lack of FMS competence in São Paulo children. These results suggest a pressing need to identify and implement actionable strategies to increase FMS competence in children through physical education programs from early in school.
Further exacerbating this need, the deficit in a child's FMS competence level increased with their chronological age. Our results clearly showed that the difference between equivalent motor age and chronological age was highest for 10-year-old children, with decreasing differences for 8-and 6-year-old children, respectively. This finding related to cumulative developmental delay reflects an important characteristic of motor development-previous acquisitions form the basis for subsequent new acquisitions 3, 14 . Children from São Paulo exhibited cumulative developmental delays, lagging further behind their age peers as their chronological age advanced. Since ongoing participation in motor activities generally requires proficient performance 1, 2 , this finding raises concerns regarding a child's competence and participation in motor activities as they age.
Based on the TGMD-2 normative data 16 , the highest concentrations of São Paulo children occurred in the lowest motor competence percentiles. Consistently, the majority of 6-year-old children demonstrated motor competence classified as poor while the majority of 8-and 10-year-old children demonstrated motor competence classified as very poor. This deficit in FMS competence should motivate the future enrollment of these children in regular, recreational motor activities. A lack of FMS competence may prevent these children from acquiring and performing more challenging and specific skills required in sports, dance and rhythmical activities, martial arts, and many more. A child's lack of motor competence, particularly FMS competence, may determine their future motor activity participation. Previous studies have confirmed that FMS competence is one of the determinants for physical activity participation throughout life 23, 24 . The motor competence deficit observed in São Paulo children, which increased with chronological age, may contribute to less active and sedentary lifestyles as they age. Empirical studies have indicated that approximately half of all São Paulo children (with ages similar to this study's sample) are sedentary 25 . These statistics are alarming because participation in physical activity during childhood leads to higher participation in physical activity during adolescence, resulting in health and cognitive benefits 7, 8 . Active and motor-competent individuals are more likely to become autonomous and also proficient in other domains and daily life activities 7 . Motor competence is thus important to acquire early in life. Unfortunately, this study's findings indicate that this is not the case for the children from São Paulo.
LIMITATIONS
This study is not without limitations. First, we did not attempt to identify or characterize the motor activities that São Paulo children experienced either in school or through extracurricular programs. Although this omission affected our ability to decisively recommend detailed FMS improvement strategies (because we do not fully understand what motor activities they have or are developing), it did not affect the study findings related to the motor competence deficit observed in São Paulo children.
Second, and as previously noted, the TGMD-2 normative data referenced in this study originated from a sample of North American children, raising questions regarding its applicability to Brazilian children. The applicability of the TGMD-2 for Brazilian children has, however, been previously validated 19 , minimizing any possible cultural issues that may affect the broader TGMD-2 results.
Finally, this cross-sectional study represents only a snapshot in time. A longitudinal study would provide more detailed information regarding a child's acquisition and mastering of FMS in São Paulo. Nonetheless, the findings from this cross-sectional study effectively confirmed and characterized the problem of motor competence deficit in children from Sao Paulo. Further research is required to fully understand the factors affecting motor competence levels in Sao Paulo children and to identify strategies for ensuring the health and well-being of children, not only in Sao Paulo but also across Brazil.
IMPLICATIONS AND CONCLUSIONS
The purpose of this study was to directly assess FMS competence levels for children (ages 6, 8, and 10) from the city of São Paulo, Brazil. By pursuing this goal, we aimed to better understand the motor competence of Brazilian children and identify potential factors affecting FMS competence levels. Test results indicated that children from São Paulo demonstrated low competence levels (below the 15 th percentile) across all FMS. Moreover, the observed motor competence deficit increased with age. Children's competence levels were classified as poor in 6-year-old children and very poor in 8-and 10-year-old children. This developmental delay in motor competence may encourage children to adopt less active and more sedentary behaviors, preventing them from experiencing all of the health, social, and cognitive benefits that physical activity might provide. Providing sufficient opportunities for children to adequately develop motor competence would promote positive health trajectories in children.
The results of this study substantially contribute to the state of knowledge regarding FMS and broader motor competence in children. Two key findings from this study are that urban-area children in Brazil had lower overall FMS competence levels than their age peers and that this motor competence deficit increased with chronological age, indicating that the regular activities in which children are engaged do not adequately promote FMS competence. Instead, new and different approaches must be implemented to ensure that children engage in motor activities that promote FMS competence. In doing so, children will have the opportunity to remain engaged and even enjoy physical activity throughout their life.
